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tube. X rays are produced at a converter by thick-target bremsstrahlung. This report describes the progress that has been made in the construction of such a radiation facility. The plasma focus, identified as the Mark IV, is nominally rated at 34 kJ with a capacitance of 168 F at 20 kV. The current status of the investigation is such that the device aft considerable modifications, is now operational and diagnostic hardware being developed to measure the electron bursts from the dense plasma. investigation into the production of charged particle beams from a plasma focus has been initiated. The scope of the investigation concerns the development of a pulsed radiation source using the charged particle beam ejected from a plasma focus. The concept represents a method of producing intense bursts of relatively "soft" x rays for applications such as the testing of satellite components for radiation hardening and survivability. With the plasma focus in a somewhat modified geometry, electron bursts which are produced at the onset of the anomalous resistance in the plasma column are transported from the focus region to a target chamber by means of a conductive drift tube. At the target, x rays are produced by thick-target bremsstrahlung. As will later be described, it is believed that this concept offers significant advantages as a-radiation source because of the versatility in the selection of the target material as well as the ;inimization of the blast effects from the plasma focus discharge.
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In this investigation, such a plasma focus device has been constructed on the campus of Old Dominion University in Norfolk, Virginia. The device, originally identified as the Mark IV plasma focus, was previously located at The Aerospace Corporation in Los Angeles, California, where the principal investigator for this investigation was a former employee. As will later be described in some detail, the principal accomplishments during this investigation are that the experimental apparatus has been completely assembled and many design improvements made so as to make the experiment operational. This has also included the design and construction of diagnostics to measure the relevant beam parameters.
Accelerating Mechanisms in the Plasma Focus
X radiation produced at the termination of the collapse phase of the plasma focus has been studied by numerous researchers and is now understood to result When the plasma focus is operated with deuterium gas, it has also been con- 
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tion by Gerdin, Stygar, and Venneri has attempted to determine the ratio of the electron to ion currents that are ejected from the focus. 1 3 Similar experimental results were obtained by Lee, Hohl, and McFarland in which they investigated the electron bursts from the plasma focus using x-ray measurements, thin-foil dosimetry, and beam current monitoring.
14 This latter group observed that the electron burst was highly collimated, and they measured beam currents of 10 kA with a Faraday cup at the beam port. The duration of the high-energy electron beam was also recently measured by another group by means of a Cerenkov detector, and they concluded the pulse was less than 0.4 ns.
Research Tasks
The research tasks of this investigation are as follows:
a. The Mark IV plasma focus device will be transferred from The Aerospace
Corporation and assembled at Old Dominion University. The plasma focus will be configured so as to operate in the electron acceleration mode.
b. The production of focused electron beams in the plasma focus device and the x rays that these electron beams produce will be investigated.
c. The energy of the ejected electrons will be measured by observing the depth of penetration in dielectric films.
d. The ejected electron beam current transported through the drift tube will be measured with a high frequency Faraday cup.
e. The temporal current profile measured with the Faraday cup will be compared with the x-ray emission from the converter material.
Potential Applications of a Plasma Focus Accelerator
The research conducted in this investigation has important potential appli-L cations as a relatively simple device for producing intense electron bursts of a few nanosecond duration. Conceivably the beams may be useful as an accelerator Oma for pellet implosion in the fusion program. Of more direct interest to the Air Force are applications as a pulsed x-ray device for radiation simulation studies.
As an example, the concept has already proven useful as a pulsed photon source for SGEMP and TREE testing of satellite components. 16 While conventional plasma focus devices have been used for such applications, their usefulness has been somewhat limited because of the debris produced by the plasma focus discharge.
The concept of extracting an electron burst from the focus region and delivering to a remote target where x rays are produced by thick-target bremsstrahlung has obvious advantages as a simulator be'ause of the isolation from the hot plasma. It is possible to produce clean, single x-ray pulses of 10-30 ns pulsewidth which for the Mark IV plasma focus have an x-ray flux greater than i0 0 Rad(Si)/sec at 10 cm from the converter. It is also important for this application that there is a significant fluence in the soft x rays. The isolated target permits greater access and allows the sample to be placed arbitrarily close to the source. Another most important consideration is the target material that is used as the x-ray converter. Some selection in the desired spectrum can be obtained by choosing the target material so as to utilize the characteristic emission spectrum. This has previously been demonstrated using targets fabricated from tantalum and aluminum. Corporation consisted of the vacuum chamber, electrodes, capacitors, and some support equipment. However, many items of equipment necessary to the operation of the system were not included. It was also found that most items that were received required a significant effort to make them operational. Considerable work was also required to modify the equipment so as to adapt to the system being constructed at Old Dominion University.
Thus the most signi.ficant effort in this investigation has bden the construction of the laboratory which has included the repair and adaptation of many items of support equipment. As will be described, the construction of the plasma focus system has been completed, and the device is currently operational. During the initial phases of the investigation, the laboratory operated on a minimal budget and monies were not available for the purchase of new capital equipment.
A significant contribution was made by the Department of Electrical Engineering
at Old Dominion University which was primarily used to pay undergraduate students to assist in the assembly of the experiment. More recently the laboratory has received additional support from other agencies such as the National Science
Foundation and the Naval Surface Weapons Center which has enabled the laboratory 7 to improve their facilities.
The Plasma Focus Experiment
A drawing of the plasma focus experiment configured in a mode so as to couple electron bursts from the center electrode is shown in Fig. 1 A photograph of the plasma focus experiment is shown in Fig. 2 . In this photograph the plasma focus vessel is surrounded by a lead cylinder which is used for x-ray shielding. The lead shield has removeable ports so as to facilitate diagnostics of the plasma focus discharge. Also shown are two of the four capa- system and hydrogen gas feed system may be seen in the background. Also in the background and to the left are the high voltage power supply, trigger electronics, and a corner of the screen room. The screen room is interfaced to diagnostics used on the experiment by coax cables supported inside a copper pipe and terminating in a junction box as shown in the top of the photograph.
Presented in Fig. 3 is a view of the plasma focus vessel. The lead shield is shown in the photograph suspended by an overhead hoist. Also shown is the Pyrex tubing which connects the plasma focus chamber to the vacuum system. The diagnostic ports can be seen in the photograph by carefully examining the plasma focus vessel.
Development of Laboratory Facilities
The progress in the development of the laboratory facilities is best illustrated using the block diagram shown in Fig. 4 . The figure includes the major components of the plasma focus system as well as several of the more important diagnostics. The experiment was assembled in an air-conditioned laboratory on the University campus that is entirely dedicateo to pulse power experiments. The 27 ft x 37 ft laboratory is located on the ground floor with an outside loading dock and has three-phase electrical service as well as natural gas and compressed air. A 66 sq. ft. storage room and a photographic dark room are located adjacent to the laboratory.
Referring to Fig. 4 , the progress of the current investigation is as follows:
a. Screen room -a 10 ft x 16 ft copper screen room was provided by the University. The screen room was assembled in the laboratory and an appropriate isolation transformer and line filters were connected so as to provide electromagnetic shielding. Two terminal boxes are mounted adjacent to the experiment so that a maximum of nine coax connectors for diagnostic cables are available Associated with the vacuum station, a gas feed system for metering hydrogen or deuterium gas into the plasma focus chamber was constructed. Provisions Laboratory personnel have reconfigured the supply so as to produce a maximu output of 25 kV at 40 mA. Provisions were also made so that the supply could be operated in the surge mode. This was accomplished by adding a saturable core reactor in the primary circuit to limit the current during capacitor charging.
The output voltage is monitored by a voltmeter located on the control panel inside the screen room. This supply was adequate for the initial phases of the investigation; however, charging times in excess of one minute are required.
A larger power supply of considerably higher current capability was recently Mr. Kirbie is a coinvestigator on the grant that extends from this contract.
III. The graduate student support utilized on the project and the extent of his reported effort is as follows:
